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Abstract 

We calculate the effects of finite density of isospin asymmetric strange hadronic matter, for 
different strangeness fractions, on the in-medium properties of vector {D*, D*, B*, B*) and axial- 
vector {Di, Dis, Bi, Bis) mesons using chiral hadronic SU(3) model and QCD sum rules. We 
focus on the evaluation of in-medium mass-shift and shift of decay constant of above vector and 
axial vector mesons. In QCD sum rule approach the properties e.g. masses and decay constants 
of vector and axial vector mesons are written in terms of quark and gluon condensates. These 
quarks and gluon condensates are evaluated in the present work using chiral SU(3) model through 
the medium modification of scalar-isoscalar fields a and Q the scalar-isovector field 5 and scalar 
dilaton field x in strange hadronic medium which includes both nucleons as well as hyperons. As 
we shall see in detail the masses and decay constants of heavy vector and axial vector mesons 
are affected significantly due to isospin asymmetry and strangeness fraction of the medium and 
these modifications may influence the experimental observables produced in heavy ion collision 
experiments. The results of present investigations of in-medium properties of vector and axial- 
vector mesons at finite density of strange hadronic medium may be helpful for understanding the 
experimental data from heavy-ion collision experiments in-particular for the Compressed Baryonic 
Matter (CBM) experiment of FAIR facility at GSI, Germany. 
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I. INTRODUCTION 


The aim of relativistic heavy-ion collision experiments is to explore the different phases 
of QCD phase diagram so as to understand the underlying strong interaction physics of 
Quantum Chromodynamics. The different regions of QCD phase diagram can be explored 
by varying the beam energy in the high energy heavy-ion collision experiments. The nucleus- 
nucleus collisions at the Relativistic Heavy Ion Collider (RHIC) and Large Hadron Collider 
(LHC) experiments explore the region of the QCD phase diagram at low baryonic densities 
and high temperatures. However, the objective of the Compressed Baryonic Matter (CBM) 
experiment of FAIR project at GSI, Germany is complementary to RHIG and LHG experi¬ 
ments. It aims to study the region of phase diagram at high baryonic density and moderate 
temperature. In nature these kind of phases may exist in astrophysical compact objects 
e.g. in neutron stars. Among the many different observable which may be produced in 
GBM experiment the one of them may be the production of mesons having charm quark or 
antiquark. Experimentally, charm meson spectroscopy as well as their in-medium properties 
are also of interest from the point of view of PANDA experiment of FAIR project where 
pA collisions will be performed. The possibility of production of open or hidden charm 
mesons motivate the theoretical physicist to study the properties of these mesons in dense 
nuclear matter. The discovery of many open or hidden charm or bottom mesons at GLEO, 
Belle or BABAR experiments [l-3| attract the attentions of theoretical groups to study the 
properties of these mesons. 


Quark meson coupling model 


or chiral hadronic models 


12 


16| 


4|, coupled channel approach js-T], QGD sum rules lay 


etc are among the many theoretical approaches used for 


investigating the in-medium properties of hadrons. The theoretical investigations of open or 
hidden charmed meson properties at finite density or temperature of the nuclear matter may 
help us in understanding their production rates, decay constants, decay widths etc in heavy- 
ion collision experiments. The study of open charm D mesons also help in understanding the 
phenomenon oi J/p) suppression produced in heavy-ion collisions. The higher charmonium 
states are considered as major source oi Jjip mesons. However, if the D mesons undergo mass 
drop in the nuclear matter and the in-medium mass of DD pairs falls below the threshold 
value of excited charmonium states then these states can also decay to DID pairs and may 


cause a decrease in the yield oi J/ip mesons. In ref. H the pseudoscalar D and D mesons 
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were investigated by generalizing the chiral SU(3) model to SU(4) and the in-medium masses 
were calculated at hnite density of nuclear and strange hadronic matter. The masses of D 
and D mesons were found to be sensitive to the density as well as the strangeness fraction of 
the hadronic medium. The chiral hadronic model is recently also generalized to SU(5) sector 
so as to investigate the effects of density and strangeness fractions on the in-medium masses 
of open bottom mesons B, B and Bs- In ref.j9| the Borel transformed QCD sum rules were 
used to study the pseudoscalar D meson mass modihcations in the nuclear medium. The 
mass splitting of D and D mesons was investigated using QCD sum rules in . The study 
of medium modihcations of D and D mesons may help us in understanding the possibility of 
formation of charmed mesic nuclei. The charmed mesic nuclei are the bound states of charm 
mesons and nucleon formed through strong interactions. In ref. jd] the mean held potentials 
of D and D mesons were calculated using the quark meson coupling (QMC) model under 
local density approximation and the possibilities of the formation of bound states oi D~, 
and mesons with Pb(208) were examined. The properties of charmed mesons in the 
nuclei had also been studied using the unitary meson-baryon coupled channel approach and 
incorporating the heavy-quark spin symmetry 17|, Il8 |. 

The in-medium mass modihcations of scalar, vector and axial vector heavy D and B 


mesons were investigated using the QCD sum rules in the nuclear matter in 10|,lll|- Recently 


we studied the mass-modihcations of scalar, vector and axial vector heavy charmed and 
bottom mesons at hnite density of the nuclear matter using the chiral SU(3) model and 
QCD sum rules 19|. In this approach we evaluated the medium modihcations of quark and 
gluon condensates in the nuclear matter through the medium modihcation of scalar isoscalar 
helds a and ( and the scalar dilaton held y. In the present paper our objective is to work 
out the in-medium masses and decay constants of heavy charmed vector {D*, D*) and axial- 
vector {Di,Dis) as well as bottom vector {B*,B*) and axial-vector {Bi,Bis) mesons in the 
isospin asymmetric strange hadronic medium using the chiral SU(3) model and QCD sum 
rules. In the QCD sum rules the properties of above mesons are modihed through the quark 
and gluon condensates. Within the chiral hadronic model the quark and gluon condensates 
are written in terms of scalar helds a, ( and 6 and the scalar dilaton held x- We shall evaluate 
the cr, (, S and y helds and hence the quark and gluon condensates in the medium consisting 
of nucleons and hyperons. We shall evaluate the values of quark and gluon condensates as a 
function of density of strange hadronic medium for diherent strangeness fractions and shall 
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find the mass shift and shift of decay constants of heavy vector and axial vector mesons. The 
study of decay constant of heavy mesons play important role in understanding the strong 
decay of heavy mesons, their electromagnetic structure as well radiative decay width. The 


study of B meson decay constants is important for B^-B^ and Bg-Bg mixing 


201. The decay 


constants of vector D* and B* mesons are helpfu 


and B*Btt mesons using light cone sum rules 2l|. An extensive literature is available on the 


for calculations of strong coupling in D*Dtt 


calculations of decay constants of heavy mesons in the free space, for example, the QCD sum 
rules based on operator product expansion of two-point correlation function, heavy-quark 


expansion 


22| , sum rules in heavy-quark effective theory 23|, |2^ anc 


radiative corrections to the correlation functions upto two loop 


25 


sum rules with gluon 


27f or three loop [28 1. 


However, the in-medium modihcations of decay constants of heavy mesons had been studied 
very recently in symmetric nuclear matter only 


29 


30l. T 


le thermal modihcation of decay 


constants of heavy vector mesons was investigated in ref. 


31| and it was observed that the 


values of decay constants remained almost constant upto 100 MeV but above this decrease 
sharply with increase in temperature. In the present work we shall include the contribution 
of hyperons in addition to nucleons for evaluating the modification of mesons properties in 
asymmetric matter. 

We shall present this work as follows: In section (II) we shall describe the chiral SU(3) 
model which is used to evaluate the quark and gluon condensates in the strange hadronic 
matter. Section (III) will introduce the QCD sum rules which we shall use in the present 
work along with chiral model to evaluate the in-medium properties of mesons. In section 
(IV) we shall present our results of present investigation and possible discussion on these 
results. Section (V) will summarize the present work. 


II. CHIRAL SU(3) MODEL 

In this section we shall discuss the chiral SU(3) model to be used in the present work for 
evaluation of quark and gluon condensates in the strange hadronic medium. The basic theory 
of strong interaction, the QCD, is not directly applicable in the non-perturbative regime. 
To overcome this limitation the effective theories are constructed which are constrained by 
the basic properties like chiral symmetry and scale invariance of QCD. The chiral SU(3) 
model is one such effective model based on the non-linear realization and broken scale 
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invariance as well as spontaneous breaking properties of chiral symmetry. The glueball held 
X is introduced in the model to account for the broken scale invariance properties of QCD. 
The model had been used successfully in the literature to study the properties of hadrons 
at hnite density and temperature of the nuclear and strange hadronic medium. The general 
Lagrangian density of the chiral SU(3) model involve the kinetic energy terms, the baryon 
meson interactions, self interaction of vector mesons, scalar mesons-meson interactions as 
well as the explicit chiral symmetry breaking term and is written as 


C — Chi 


kin 


^Bw 

W=X,Yy,A,u 


r 


Cn + C 


SB 


( 1 ) 


The details of above Lagrangian density can be found in the reference 12j. 

From the Lagrangian densities of the chiral SU(3) model, using the mean held approxi¬ 
mation, we hnd the coupled equations of motion for the scalar helds, a, (, 6 and the scalar 
dilaton held y in the isospin asymmetric strange hadronic medium and these are 


- 4^1 a - 2k2 (cr^ + 3 ct(5^) - 2k3XO-( 


d if 2a 
3^ - 52 


+ f ^ j 9aipl = 0 


koX^C - (cT^ + + 5^) C - 4fc2C^ - hx {cr^ - 


3 C \Xo, 


X^rnlfk - 


- E 9(^Pt = 0 


koX^d - Aki - 2/c2 + 3cr^5) 2k3xdC 

E 95ipt = 0 




^2 


(2) 


(3) 


(4) 


koX - h {a^ - C + 




2x 

Xo 


mlUa + ( V2mlfk - ) C 


-Hi 


= 0 


(4/c4 - d)x^ 


(5) 


respectively. The values of parameter Pq, ki, k 2 , k^, k^ and d appearing in above equations 
are 2.54, 1.35, —4.78, —2.77, 0.22 and 0.064 respectively. These parameters of the model are 
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fitted so as to ensure extrema in the vacuum for the a, ( and x field equations, to reproduce 


the vacuum masses of the rj and rj' mesons, the mass of the a meson arounc 


pressure, p(po)=0, with po as the nuclear matter saturation density jf^ . Q . The values of 
pion decay constant, and kaon decay constant, fx are 93.3 and 122 MeV respectively. 
The vacuum values of the scalar isoscalar fields, a and ( and the dilaton held y are —93.3 
MeV, —106.6 MeV and 409.8 MeV respectively. The values, ga-N = 10.6 and = —0.47 
are determined by htting to the vacuum baryon masses. The other parameters htted to the 
asymmetric nuclear matter saturation properties in the mean-held approximation are: 

= 13.3, Qpp = 5.5, p 4 = 79.7, gsp = 2.5, = 1024.5 MeV, mg- = 466.5 MeV and ms = 

899.5 MeV. In equations 02]) to ([5]), denote the scalar densities for the baryons and at 
zero temperature are given by expression, 

r d^k 


500 MeV, and. 


mj 


Pi = li 


( 6 ) 


{2nfEt{ky 

where, Ei*{k) = and, g,* = p* — g^iUJ — gpip — gcjn(l), are the single particle 

energy and the ehective chemical potential for the baryon of species i, and, 7 i =2 is the spin 
degeneracy factor [32 1. 

In the present work, for the evaluation of vector and axial vector meson properties using 
QCD sum rules, we shall need the light quark condensates (uu) and {dd), the strange quark 
condensate (ss) and the scalar gluon condensate In the chiral ehective model 

the explicit symmetry breaking term is introduced to eliminate the Goldstone bosons and 
can be used to extract the scalar quark condensates, (qq) in terms of scalar helds a, S 
and y. We write 


miqiqi = -C 


SB 


(7) 


= (a + 5) + ^m^A (cr-d) + {V2mlfk - ■ (8) 


From equation (jH]) light scalar quark condensates (uu), {dd^ and strange quark condensate 
(ss) can be written as 

1 / -v n .. 1 

(9) 


(™) = —(iL 

mu \Xo, 


dd) = — (^ 
md \Xo, 


-mlU {(7 + 5) 

^mlf^ {a - h) 


( 10 ) 
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and 


(ss) = 


1 




A 

-Xo, 


{V2mlfk - 


( 11 ) 


respectively. 

As said earlier the scalar gluon condensates can be evaluated in the chiral effective model 
through the scalar dilaton field y. The broken scale invariance property of QCD implies 
that the trace of energy momentum tensor is non zero (trace anomaly) and is equal to the 
scalar gluon condensates for massless QCD i.e. 


rpn _ f^QCD 

■'i. - 2j 


( 12 ) 


We shall try to find the above trace of energy momentum tensor within chiral effective 
model. The trace anomaly property of QCD can be mimicked in the chiral effective model 
through the scale breaking Lagrangian density, 


C 


scalebreaking 


X 


d 


= —x^ln ^ + -x^ln 

^ \xtj ^ 


(det(X)o 


A. 

Xo 


(13) 


where Is = det(X), with X as the multiplet for the scalar mesons. 
We write the energy momentum tensor for the dilaton field as, 

dC^ ' 


where the Lagrangian density for the dilaton field is. 




(14) 




1 4i fx 
- 4^ 


Xo. 




C 


A. 

Xo 


(15) 


Multiplying equation flTT)) by g^'^, we obtain the trace of the energy momentum tensor within 
the chiral SU(3) model as 


n = {d,x) I 


dC. 


d{d^x), 


-AC 


X- 


(16) 


Using the Euler-Lagrange’s equation for the y field, the trace of the energy momentum 
tensor in the chiral SU(3) model can be expressed as 3, ^ 


Ti: = CC - 4£, = -(1 - d)x^ 


(17) 


dx 

Comparing equations ffT2l) and flTTll . we get the following relation between the scalar gluon 
condensates and the scalar dilaton field y (in massless QCD), 


/^QC. 


D 


2g 


=-(1 - d ) x ^ 


(18) 


7 













(19) 


In the case of finite qnark masses, the trace of energy momentum tensor is written as, 




r; = = -(1 - d)x‘, 

i 3 

where the hrst term of the energy-momentum tensor, within the chiral SU(3) model is the 
negative of the explicit chiral symmetry breaking term, Csb (see equation ([8])). 

The QCD /3 function at one loop level, for Nc colors and Nf flavors is given by 


/^QCD {g) - 




1 - 


2N 


+ 0{g^ 


( 20 ) 


487r2 V lliV, 

In the above equation, the hrst term in the parentheses arises from the (antiscreening) self¬ 
interaction of the gluons and the second term, proportional io Nj, arises from the (screening) 
contribution of quark pairs. 

The trace of the energy-momentum tensor in QCD, using the one loop beta function 
given by equation (1201) . for Nc=‘i and Nf=3, and accounting for the hnite quark masses [34 1 
is given as, 

=-?—f— 

^ 8 TT Vxo 

Using equations (1T6|) and ([21]), we can write 


(^mlUa + {V2mlfk - ■ ( 21 ) 


—) = - 
71 ^ / 9 


(1 - d)x^ + j + {'/2mlfk - 


( 22 ) 


We thus see from the equation fl2^ that the scalar gluon condensate is related 

to the dilaton held y. For massless quarks, since the second term in fl22l) arising from 
explicit symmetry breaking is absent, the scalar gluon condensate becomes proportional to 
the fourth power of the dilaton held, y, in the chiral SU(3) model. 


III. QCD SUM RULES FOR VECTOR AND AXIAL-VECTOR HEAVY MESONS 
IN STRANGE HADRONIC MATTER 


In this section we shall discuss the QCD sum rules [lO, lUl which will be used later along 


with the chiral SU(3) model for the evaluation of in-medium properties of vector and axial 
vector mesons in asymmetric strange hadronic matter. To hnd the mass modihcation of 
above discussed heavy mesons we shall use the two-point correlation function n^y(g). 




(23) 
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In above equation J^(x) denotes the isospin averaged current, x = = (x°,x) is the four 

coordinate, q = = (g®, q) is four momentum and T denotes the time ordered operation 

on the product of quantities in the brackets. From above dehnition it is clear that the two 
point correlation function is actually a Fourier transform of the expectation value of the 
time ordered product of two currents. 

For the vector and axial vector mesons average particle-antiparticle currents are given by 
the expressions 





2 


(24) 


and 


= 4^{x) = 


c(a:)7^75g(x) -h g(a:)7/,75c(x) 


(25) 


respectively. Note that in above equations q denotes the u, d or s quark (depending upon 
type of meson under investigation) whereas c denotes the heavy charm quark (for B mesons 
c quark will be replaced by bottom b quark). Also note that in the present work, instead 
of considering the mass splitting between particles and antiparticles, we emphasize on the 
mass shift and mass-splitting of isospin doublet D and B mesons corre¬ 

sponding to both vector and axial vector mesons. To hnd the mass splitting of particles and 
antiparticles in the nuclear medium one has to consider the even and odd part of QCD sum 

n fi 

rules [8[ . For example, in ref. [8[ the mass splitting between pseudoscalar D and D mesons 


was investigated using the even and odd QCD sum rules whereas in 
D mesons was investigated under centroid approximation. 


ll| the mass-shift of 


At zero temperature the two point correlation function can be decomposed into the 
vacuum part and a static one-nucleon part i.e. we can write 


n^^(g) = n° (g) + 




2M, 


N 


(26) 


where 


= i/ Ae‘’'(/V(p)|r{4(i)jt(0)} |Af(p)>. (27) 

In above equation \N{p)) denotes the isospin and spin averaged static nucleon state with the 
four-momentump = (Mat, 0). The state is normalized as {N{p)\N{p')) = {27i)^2po6^{p—p'). 
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As discussed in Ref. [h], in the limit of the 3-vector qr —)• 0, the correlation functions 
Tn{oo., q) can be related to the D*N and DiN scattering T-matrices. Thus we write jn | 


'Td*n{Md*, 0) — 87r(Afjv + MD*)aD* 


(28) 


In above equation an* and are the scattering lengths of D*N and DiN respectively. 
Near the pole positions of vector and axial vector mesons the phenomenological spectral 
densities can be parametrized with three unknown parameters a, b and c i.e. we write 

Td* 0 ) 


/■a i\j2 

p(a;,0) = 

71 


(a ;2 _ Ml,+ iey 


+ 


= a 


d 

duj‘^ 


S (u^ — + bd(u^ — + c6{uj‘^ — sq) . (29) 


The term denoted by ... represent the continuum contributions. The hrst term denotes the 
double-pole term and corresponds to the on-shell effects of the T-matrices, 


a — 87r(Mjv -|- i£)^f. 


(30) 


Now we shall write the relation between the scattering length of mesons and their in¬ 
medium mass-shift. For this hrst we note that the shift of squared mass of mesons can be 
written in terms of the parameter a appearing in equation (l29ll through relation 35l |. 

PB 0 - 




PB 

'2Ma 


‘^Maj fr)*/Di^D*/Di 
■S7i{Mn + M£i*/£,yaD*/Di 5 


(31) 


where in the last term we used equation fl30|) . The mass shift is now dehned by the relation 


5mD*/r,^ = - mo*/ d^ ■ (32) 

The second term in equation (|29|) denotes the single-pole term, and corresponds to the 
off-shell (i.e. 7 ^ M|,*/^J effects of the T-matrices. The third term denotes the contin¬ 

uum term or the remaining effects, where, Sq, is the continuum threshold. The continuum 
threshold parameter sq dehne the scale below which the continuum contribution vanishes 
36|. 


10 
















The shift in the decay constant of vector or axial vector mesons can be written as 29| . 

1 f Pb 


^fD*/Di — 




(33) 


2/dv£>i"^d*/^i '^2m7v' 

From equations fl52]) and (15^ we observe that to find the value of mass shift and shift 
in decay constant of mesons we hrst need to hnd the value of unknown parameters a and 
b. These can be determined as follows: we note that in the low energy limit, ca —)■ 0, the 
0) is equivalent to the Born term 0). We take into account the Born term 

at the phenomenological side, 






+ 




+ 


with the constraint 


^D* /Di 


^D*/Di ^0 


So - CJ^ 


+ - = 0 . 


(34) 


(35) 


Note that in Eq. fl3T)) the phenomenological side of scattering amplitude for 7 ^ 0 is not 
exactly equal to Born term but there are contributions from other terms. However, for 
a; —0, Tat on left should be equal to on right side of Eq. (l3T)l and this requirement 

results in constraint given in Eq. fl35l) . As we shall discuss below the constraint fl35l) help in 
eliminating the parameter c and scattering amplitude will be function of parameters a and 
b only. The Born terms to be used in equation fl3T)) for vector and axial-vector mesons are 
given by following relations QQ 

,2 


T^Born/ + 


t7)v"7,o) = 


a;2 - {Mh + Mjv)2] [u;2 - ’ 


a ;2 - 


l 2 • 


(36) 


[a;2 _ ^Mh - M^)2] 

In the above equations go^NH and goiNH are the coupling constants. Mh is the the mass of 
the hadron e.g. corresponding to charm mesons we have Ac and Sc whereas corresponding 
to bottom mesons we have the hadrons A;, and S?,. Corresponding to charm mesons we take 
the average value of the masses of Ma^ and and is equal to 2.4 GeV. For the case of 
mesons having bottom quark, b, we consider the average value of masses of A;, and Sf, and 


it is equal to 5.7 GeV 


11 


29|. 
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Now we write the equation for the Borel transformation of the scattering matrix on the 
phenomenological side and equate that to the Borel transformation of the scattering matrix 
for the operator expansion side. For vector meson, D*, the Borel transformation equation 


is given by 


ill, 


M2 


D* 

— 


So 

e ^ 




I So 

+ 0 < e —7T75—e ^ 


M2* 


B 


{Mh + - M2 * 


1 

Jp 


Mi 


f2 
D* 

c m2 


B 


{Mh + M^)2 - Ml. 




mc{qq)N 2{qHDoq)N ^ 


2 3 ' M2 

%mc{qiDoiDoq) M mlqiDoiDoq) m 


_i4 , rnc{qgsCrGq)N -i4 

e m 2 -^-g 

3M2 


3M2 


1 


24 

1 


M4 

2 N 


e m 2 


48M2 ' TT 


TT 

dgCG 


) AT y da: f 1 + 


m 


TV 




2M2 

a; 


e M 2 


a: 


~2 

M2 


e m 2 


(37) 


where, B = _ Note that in equation flTTIl we have two unknown 

parameters a and b. We differentiate equation flHTll w.r.t. so that we could have two 
equations and two unknowns. By solving those two coupled equations we will be able to get 
the values of parameters a and b. Same procedure will be applied to obtain the values of 
parameters a and b corresponding to axial-vector mesons. For the axial-vector mesons, Di, 
the Borel transformation equation is given by Q. 


1 

- P m2 

M2 


So 

——e m2 

Mk 


+ b<e~ 


So 

e m 2 


Mi, 


+ C 


M 


2 

Dl 

m2 — 


G 


{Mr—MnY 


M2 

mc{qq)N 2{qHDQq)N ml{qHDoq)N 
2 3 ^ M2 

SmcigiPpiPoq)N _ ml{qiPoiPQq) n 
3M2 

1 ,asGG 

— i— - 

24 

1 


{Mh - MhY - Mk 

_i4 rnc{qgs<yGq)N -iri| 

e ^---e ^ 

3M2 


48M2 ' TT 


TT 

^dgGG ^ 


uf 

JO 


HI dx [1 + 


N 


dx 


2M2 
1 — a: 


M4 J 

2 \ _m2 

e aP' 


e M 2 


m 




X 


m’ 


e M 2 


(38) 


where, G = 


(Mjf-Mjv)2-M2^ 


In the above equations 
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As discussed earlier, in determining the properties of hadrons from QCD sum rules, we 
shall use the values of quark and gluon condensates as calculated using chiral SU(3) model. 
Any operator O on OPE side can be written as 35 


m 


Op, = O 


d^p 


vacuum 


(27r)32Ej 


-UF {N{p)\0\N{p)) 


= 


Pb 

2M, 


O 


N 


(39) 


N 


In above equation, Op^ , gives us the expectation value of the operator at hnite baryonic 
density. The term Ovacuum stands for the vacuum expectation value of the operator and On 
gives us the nucleon expectation value of the operator. Thus within chiral SU(3) model, we 
can End the values of Opg at hnite density of the nuclear medium and hence can End On 
using 


On = [O, 


Pb 


c>. 


2M, 


N 


vacuum 


PB 


(40) 

are evaluated using equa- 


The scalar quark condensates {qq) in equations (1^ and 
tions ([9]), (1T0|1 and (ITTll . The condensate {qPsO'Gq)p, is given by the equation 


{qgs(TGq)pg = {qq)p^ + S.OGeV'^pB 


Also we write 


{qiDoiDoq)pg + -{qgsaGq)pg = O.SGeV'^pB- 


(41) 


(42) 


As discussed above the quark condensate, {qq)p^, can be calculated within the chiral SU(3) 


model. This value of {qq)pg can be used through equations (ITT|) and 


to calculate the 


value of condensates {qgs^^Gq)p^ and {qiDoiDoq)p^ within chiral SU(3) model. The value of 
quark condensate (qHPnq) for light quark is equal to O.lSGeV^pB and for strange quark it 
is O.OlSGeE^ps 


It may be noted that the QCD sum rules for the evaluation of in-medium properties 
of vector mesons, B* and axial vector mesons Bi, can be written by replacing masses of 
charmed mesons D* and Di, by corresponding masses of bottom mesons B* and Bi in 
equations (jST]) and fl38|) respectively. Also the bare charm quark mass, rric will be replaced 
by the mass of bottom quark, rrih- 
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IV. RESULTS AND DISCUSSIONS 


In this section we shall discuss the results of present investigation of in-medium mass 
shift and shift in decay constant of vector {D*, D*) and B*, B*)) and 
axial vector Dig) and Bii^B^ , B^, Big)) mesons in isospin asymmetric strange 

hadronic matter. First we list the values of various parameters used in the present work on 
vector and axial vector mesons. Nuclear matter saturation density adopted in the present 
investigation is 0.15 fm~^. The value of coupling constants ~ ~ QDiNAc ~ 

5'DiVEc ~ gB*NKa ~ 9b*NT.^ ~ 9BiNAc ~ gBiNSc is 3-86 0 . The masses of different mesons 
M£)*+, M£,*o, Mb*+, Mb*o, M^+, Mj^o, M^+, Mgo, Md*, Mb*, Mb^^ and Mb^^ used in this 
present investigation are 2.01, 2.006, 5.325, 5.325, 2.423, 2.421, 5.721, 5.723, 2.112, 5.415, 
2.459 and 5.828 GeV respectively. The values of decay constants fo*, Jb*, Idi, /si, fn*, 
fB*, /di. and fB,, are 0.270, 0.195, 0.305, 0.255, 1.16*(0.270), 1.16*(0.195), 1.16*(0.305) 
and 1.16*(0.255) GeV respectively. The masses of quarks namely up, u, down, d, strange, s, 
charm, c, and bottom, b, used in the present work are 0.005, 0.007, 0.105, 1.4 and 2.3 GeV 
respectively. The values of threshold parameter sq for D*, B*, Di, Bi, D*, B*, Dig and 
Big mesons are taken as 6.5, 35, 8.5, 39, 7.5, 38, 9.5 and 41 GeV^ respectively. The various 
coupling constants and continuum threshold parameters sq are not subjected to medium 
modihcations. To describe the exact mass(decay) shift of above mesons we have chosen a 
suitable Borel window i.e. the range of squared Borel mass parameter, M^, within which 
there is almost no variation in the mass and decay constant. In table (I) we mention the 
Borel windows as observed in the present calculations for the mass shift and shift in decay 
constant of vector and axial vector mesons. 

We start with the discussion on the behaviour of quark and gluon condensates for different 
strangeness fractions and isospin asymmetry parameters of strange hadronic medium. In 
literature, the quark condensates are evaluated to leading order in nuclear density using the 
Feynman Hellmann theorem and model independent results were obtained in terms of pion 
nucleon sigma term 3J,l39(]. Using the Feynman Hellmann theorem, the quark condensate at 
hnite density of nuclear matter is expressed as sum of vacuum value and a term dependent 
on energy density of nuclear matter. In model independent calculations the interactions 
between nucleons were neglected and free space nucleon mass was used. If one use only 
the leading order calculations for the evaluation of quark condensates above nuclear matter 
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(5m£,*+ 


dmo* 

dmB*+ 

Sui ^*0 

6mB* 

m 2 (GeV2) 

(4.5 - 6.5) 

(4.5 - 6.5) 

(5.0 - 7.0) 

(30 - 33) 

(30 - 33) 

(31 - 34) 



6fD*o 


dfB*+ 

SfB*o 

^fBt 

m 2 (GeV2) 

(3.3 - 4.9) 

(3.3 - 4.9) 

(3.8 - 5.3) 

(26 - 31) 

(26 - 31) 

(27 - 31) 


SmD+ 

5mB)0 


SmB+ 


^ruBis 

m 2 (GeV2) 

(5.4 - 9.4) 

(5.4 - 9.4) 

(5.9 - 9.9) 

(33 - 38) 

(33 - 38) 

(36 - 40) 


^fnt 


^fOls 

^fBt 



m 2 (GeV2) 

(4.2 - 7.2) 

(4.2 - 7.2) 

(5.0 - 8.0) 

(30 - 34) 

(30 - 34) 

(32 - 36) 


TABLE 1: In the above table we mention the Borel windows as observed for mass shift and shift 
in decay constant of vector and axial vector mesons. 


density then the qnark condensates decreases very sharply and almost vanishes aronnd 3po- 
In ref. 40| Dirac-Brneckner approach with the Bonn boson-exchange potential was nsed to 
inclnde the higher order corrections and to hnd the qnark condensates in the nnclear matter 
above the nnclear matter density. The calcnlations show that at higher density the qnark 
condensate decrease more slowly as compared to leading order predictions. In the chiral 
model nsed in the present work the qnark and glnon condensates are expressed in terms 
of scalar helds a, (, 6 and y (see eqnations (|9]), ffTOj) ffTT]) and fl22|) h The scalar helds a, 
C, S and y in the strange hadronic medinm are evalnated by solving the conpled eqnations 
(E]), (E]), (01) and ([5]). In hgnre ([I]) we show the variation of ratio of in-medinm valne to 
vacnnm valne of scalar helds as a fnnction of baryonic density of strange hadronic medinm. 
We show the resnlts for isospin asymmetry parameter r; = 0 and 0.5. For each valne of r], 
the results are shown for strangeness fractions, /* = 0, 0.3 and 0.5. From hgnre one can see 
that the scalar held a and ( varies considerably as a function of baryonic density of medium 
whereas the scalar held y has little density dependence. For example, in symmetric nuclear 
medium {rj = 0 and /^ = 0), at density pb = Po (4po) the values of scalar helds a, ( and y 
are observed to be 0.64 ao (0.31 (Tq), 0.91 Co (0.86 Co), and 0.99 yo (0.97 yo). The symbols 
(Jo, Co and yo denote the vacuum values of scalar helds and have values —93.29, —106.75 
and —409.76 MeV respectively. From hgnre ([T]) we observe that at high baryon density the 
strange scalar-isoscalar held C varies considerably as a function of strangeness fraction as 
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compared to non-strange scalar isoscalar field a. For example, in symmetric medium [r] = 
0), at baryon density 4po, as we move from /^ = 0 to /* = 0.5, the value of ( changes by 14 
%, whereas the value of a changes by 1% only. However, the effect of isospin asymmetry of 
the medium is more on the values of a field as compared to ( held. For example, in nuclear 
medium (/^ = 0), at baryon density ps = 4po, as we move from rj = 0 to 0.5 the values 
of non-strange scalar held, a and the strange scalar held, ( changes by 10.25% and 0.24 % 
respectively. However, in strange medium, at fs = 0.5, the percentage change in the values 
of a and ( is 7.2% and 7% respectively. Since the scalar meson, a has light quark content {u 
and d quarks) and the ( meson have strange quark contents (s quark) and therefore former 
is more sensitive to isospin asymmetry of the medium (property of u and d quarks) and the 
latter is to strangeness fraction of the medium. 

In hgure (|2]) we show the variation of ratio of in-medium value of quark condensate 
to the vacuum value of condensate as a function of baryonic density of hadronic medium 
for diherent values of strangeness fractions fs and isospin asymmetry parameter r]. We 
show the results for light quark condensates (uu) and (^dd'j as well as for the strange quark 
condensate (ss). We observe that for given value of isospin asymmetry parameter, p, and 
strangeness fraction, fg, the magnitude of the values of quark condensate decreases w.r.t. 
vacuum value. For example, in symmetric nuclear matter {p = 0 and /* = 0), at nuclear 
saturation density, ps = Poi the values of (mm), (ddfj and (ss) are observed to be 0.629 
(mm)q, 0.629 {dd^^ and 0.895 (ss)q respectively. Note that (mm)q, {dd^^ and (ss)q denotes 
the vacuum values of quark condensates and in chiral SU(3) model these are —1.401 x 10“^ 
GeV^ and —1.401 x 10“^ GeV^ and —4.671 x 10“^ GeV^ respectively. As we can see from 
equations ([9]), (fTOj) and flTT|) . the values of quark condensates are proportional to the scalar 
helds a and C- As discussed above the magnitude of these scalar helds undergo drop as a 
function of density of baryonic matter and this further cause a decrease in the magnitude of 
quark condensates. As we move to the asymmetric nuclear matter, say p = 0.5 and fs = 0, 
the values of (mm), (dd}j and (ss), at nuclear saturation density, po, are observed to be 0.669 
(mm)q, 0.607 {d(^^ and 0.897 (ss)q respectively. Note that as we move to the asymmetric 
medium the values of condensate (mm) increases whereas that of (ddtj decreases due opposite 
contribution of scalar-isovector mesons 5. 

In isospin symmetric medium {p = 0), below baryon density ps = 3.3po as we move from 
non-strange medium, i.e. fs = 0, to strange medium with fg = 0.5, the magnitude of light 
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FIG. 1: (Color online) In above figure, subplots (a), (b) and (c) show the variation of ratio of 
in-medium value to vacuum value of scalar fields, cr/croi C/Co and x/Xo as a function of baryonic 
density, pB (in units of nuclear saturation density, po)- In subplot (d) we have shown the scalar- 
isovector field (5 as a function of density of medium. We compare the results at isospin asymmetric 
parameters p = 0 and 0.5. For each value of isospin asymmetry parameter, p, the results are shown 
for strangeness fractions fs =0, 0.3 and 0.5. 

quark condensates (uu) increases. At baryon density po the values of quark condensate {uu) 
are observed to be 0.63 {uu)^, 0.643 {uu)^ and 0.652 {uu)q at strangeness fractions fs = 0, 
0.3 and 0.5 respectively. Above baryon density ps = 3.3 po the magnitude of the values of 
light quark condensates is more in non strange medium [fs = 0) as compared to strange 
medium with finite fs- At density 4po these values of quark condensates changes to 0.3 {uu)q, 
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FIG. 2: (Color online) In above figure we plot the ratio of in-medium quark condensate to vacuum 
condensate as a function of baryonic density, pB (in units of nuclear saturation density, po)- We 
compare the results at isospin asymmetric parameters rj = 0 and 0.5. For each value of isospin 
asymmetry parameter, rj, the results are shown for strangeness fractions fs =0, 0.3 and 0.5. 

0.291 {uu)q and 0.292 {uu)^ respectively. In isospin asymmetric matter with rj = 0.5 and 
baryon density, ps = Po the valnes of light qnark condensates (uu) are observed to be 0.669 
{uu)q, 0.691 {uu)q and 0.708 {uu)q at strangeness fractions /* = 0, 0.3 and 0.5 respectively. 
At baryon density 4po these valnes of condensates changes to 0.38 {uu)q, 0.379 {uu)q and 


18 












0.392 {uu)q respectively. The values of light quark condensates (dd), in asymmetric matter 


with rj = 0.5 and baryon density ps = Po (4po), are observed to be 0.607 \ddj^ (0.285 


0.609 (0.239 \ddj^) and 0.615 \ddj^ (0.225 \ddjJ at strangeness fractions 

fs = 0, 0.3 and 0.5 respectively. From hgure (EJ we observe that as a function of density 
of baryonic matter we always observe a decrease in the values of quark condensates. This 
support the expectation of chiral symmetry restoration at high baryonic density. However, 


in linear Walecka model 


41 


42| and also in Dirac-Brueckner approach 40| , the values of 


quark condensates are observed to increase at higher values of baryonic density and causes 
hindrance to chiral symmetry restoration. The possible reason for this may be that the 


chiral invariance property was not considered in these calculations 


40| . As the strange 


quark condensates, (ss), is proportional to the strange scalar-isoscalar field, (, therefore the 
behavior of this held as a function of various parameters of the medium is also rehected 
in the values of strange quark condensate (ss). For hxed baryon density, pB and isospin 
asymmetry parameter, p, as we move from non-strange to strange hadronic medium the 
values of strange condensate decreases. For example, at nuclear saturation density, po and 
isospin asymmetric parameter p = 0 (0.5), the values of (ss) are observed to be 0.895 (ss)q 
(0.897 (ss)o), 0.881 (ss)^ (0.877 (ss)o)and 0.871 (ss)^ (0.863 (ss)o) at /, = 0, 0.3 and 0.5 
respectively. At baryonic density 4po and isospin asymmetric parameter p = 0 (0.5), the 
values of (ss) are observed to be 0.810 (ss)q (0.818 (ss)q), 0.738 (ss)q (0.717 (ss)Q)and 0.684 
(ss)q (0.656 (ss)q) at /« = 0, 0.3 and 0.5 respectively. 

In hgure (jS]) we show the dependence of Gluon condensates on the density and isospin 
asymmetry of strange hadronic medium. We plot the variation of in-medium gluon con¬ 
densate to vacuum condensate ratio as a function of baryonic density of strange hadronic 
medium. In subhgures (a) and (b) we consider the contribution of hnite quark mass term 
in the calculation of gluon condensates whereas subhgures (c) and (d) are without the ehect 
of quark mass term (see equation (]2l|l ). We observe that as a function of baryonic density 
of the hadronic medium the values of gluon condensates decreases. Considering the ehect of 
hnite quark mass term, at baryonic density, ps = PO) and isospin asymmetric parameter, p 
= 0 (0.5), the values of gluon condensates are observed to be 0.985 G^ac (0.986 G^ac)-, 0.988 
Gvac (0.989 G^ac) and 0.990 G^ac (0.991 G^ac) at strangeness fractions, fs = 0, 0.3 and 0.5 
respectively. However if we do not take into account the hnite quark mass term then for 
baryonic density, ps = Po, and isospin asymmetric parameter, p = 0 (0.5), the values of 
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FIG. 3: (Color online) In above figure we plot the ratio of in-medium scalar gluon condensate 
to vacuum value of gluon condensate as a function of baryonic density, pB (in units of nuclear 
saturation density, po). We compare the results at isospin asymmetric parameters r/ = 0 and 0.5. 
For each value of isospin asymmetry parameter, ij, the results are shown for strangeness fractions 
fs =0, 0.3 and 0.5. In y-axis G = 


gluon condensates are observed to be 0.967 Gyac (0.968 Gyac), 0.968 Gyac (0.968 Gyac) and 
0.968 Gyac (0.967 Gyac) at strangeness fractions, fs = 0, 0.3 and 0.5 respectively. As one 
can see from figures (c) and (d), the effect of strangeness fractions are more pronounced 
at higher baryon densities. For example, at pb = 4po, and isospin asymmetry parameter, 
7] = 0 (0.5), the values of gluon condensates are observed to be 0.879 Gyac (0.890 Gyac), 
0.868 Gyac (0.868 Gyac) and 0.861 Gyac (0.856 Gyac) at strangeness fractions fs = 0, 0.3 and 
0.5 respectively. The above calculations show that the gluon condensates have small density 
dependence as compared to quark condensates. This observation is consistent with earlier 
model independent calculations by Cohen 3^ and also with the QMC model calculation in 


ref. 


43|. 


In figures (jl]) and ([5]) we show the variation of mass shift and shift in decay constant 
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respectively of D*^ and vector mesons as a function of squared Borel mass parameter, 
In each subplot we compare the results at 77 = 0 (/^ = 0, 0.3 and 0.5) with 77 = 0.5 (/^ 
= 0, 0.3 and 0.5). We present the results at baryon densities, ps = Po, 2po and 4po- 

In symmetric nuclear medium, at nuclear saturation density Pb = P01 the values of mass 
shifts for vector mesons are observed to be -63.8(-92.59) , -76(-lll) and -74(-108) 

MeV for strangeness fractions /* = 0, 0.3 and 0.5 respectively. The difference in the masses 
of D*^ and D*^ mesons in the symmetric nuclear medium is due to the different masses of 
u and d quarks considered in the present investigation. For asymmetric medium(77 = 0.5) 
and baryonic density, Pb=Po, fhe above values of mass shift changes to -68.4(-81), -84.4(- 
93.9) and -83.6(-88.5) MeV for strangeness fractions, fs =0, 0.3 and 0.5 respectively. From 
the above quoted values on mass shift we conclude that for given value of baryonic density 
and strangeness fraction, (D*^) mesons undergo large (less) mass drop in asymmetric 
medium as compared to symmetric medium. Note that the D*~^ meson contain the light d 
quark and the D*^ meson has light u quark. As discussed earlier the behavior of (^dd'j and 
{uu) condensates is opposite as a function of asymmetry of the medium and this causes the 
observed behavior of D*~^ and D*^ mesons as a function of asymmetry of the medium. As 
compared to nuclear medium (/^ = 0) the drop in the masses of D*~^ and D*^ mesons is 
more in strange medium (hnite fs)- In symmetric nuclear medium, at baryon density pb 
= 2po (4po); fhe values of mass shift for D*~^ mesons are found to be -92.3(-104.2) , -96.9(- 
106.25) and -95.4(-106.19) MeV for strangeness fractions fs = 0 ,0.3 and 0.5 respectively. 
In asymmetric matter with 77 = 0.5 the above values are shifted to -96.7(-107.5), -107(-116.5) 
and -108(-119.6) for strangeness fraction fs = 0,0.3 and 0.5 respectively. At baryon density 
Pb = 2/7o (4/7o); and 77 = 0.5, the values of mass shift for D*^ mesons are found to be - 
117(-137), -121(-138.7) and -116 (-135.6) MeV for strangeness fraction fs = 0,0.3 and 0.5 
respectively. The drop in the masses of D*^ and D*^ mesons increases with increase in the 
baryonic density of the medium. 

Now we come to the behavior of decay constants of D*^ and D*^ mesons in strange 
hadronic medium. In symmetric nuclear matter (77 = 0) for baryon density, pb = Po, the 
values of shift in decay constants of D*^ ( D*^) mesons are observed to be -20(-22), - 
28.2(-28.9) and -28.1(-28.8) MeV for the values of strangeness fractions fs = 0, 0.3, 0.5 
respectively. For asymmetry parameter, 77 = 0 . 5 , the above values of shift in decay constants 
changes to -20.6(-20.7), -28.4(-28.3) and -28.4(-28.1) MeV. For density, 2po, and 77 = 0 
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- Ti= 0 ; fs = 0 ti=0.5 ; fs = 0 

-?;= 0 ; fs = 0.3 - - 7j=0.5 ; fs = 0.3 

• — r]= 0 ; fs = 0.5 7?=0.5 ; fs = 0.5 


FIG. 4: (Color online) Figure shows the variation of mass shift of vector mesons D*~^ and D*^ as 
a function of squared Borel mass parameter, M^. We compare the results at isospin asymmetric 
parameters rj = 0 and 0.5. For each value of isospin asymmetry parameter, rj, the results are shown 
for strangeness fractions fs =0, 0.3 and 0.5. 

values of decay shifts are -39.7(-40.5), -47.2(-47.9) and -47.1(-47.8) MeV for the values of 
strangeness fractions fs = 0, 0.3 and 0.5 respectively. For the same value of density but rj 
= 0.5 above values modified to -39.9(-39.8), -47.5(-47.1) and -47.6(-46.9) MeV respectively. 
Above calculations show that the presence of hyperons along with nucleons in the medium 
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- ?p 0 ; fs = 0 ti=0.5 ; fs = 0 

-?p 0 ; fs = 0.3 - - 7 j= 0.5 ; fs = 0.3 

• — r]= 0 ; fs = 0.5 7p0.5 ; fs = 0.5 


FIG. 5; (Color online) Figure shows the variation of shift in decay constant of vector mesons D*^ 
and D*^ as a function of squared Borel mass parameter, M^. We compare the results at isospin 
asymmetric parameters rj = 0 and 0.5. For each value of isospin asymmetry parameter, ij, the 
results are shown for strangeness fractions fs =0, 0.3 and 0.5. 

causes more decrease in the values of decay constants of D* mesons. 

Figures (E]) and (171) show the behaviour of mass shift and decay shift of B*~^ and 
mesons as a function of squared Borel mass parameter for different conditions of the medium. 
In table dTTl) and flllip we tabulate the values of shift in masses and decay constants respec- 
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(GeV^) (GeV^) 


- ?;= 0 ; fs = 0 rj=0.5 ; fs = 0 

- 7]=Q ; fs = 0.3 ■ • ■ 7 j= 0.5 ; fs = 0.3 

• — 7p 0 ; fs = 0.5 77=0.5 ; fs = 0.5 


FIG. 6: (Color online) Figure shows the variation of mass shift of vector mesons and B*^ as 
a function of squared Borel mass parameter, M^. We compare the results at isospin asymmetric 
parameters rj = 0 and 0.5. For each value of isospin asymmetry parameter, rj, the results are shown 
for strangeness fractions fs =0, 0.3 and 0.5. 

lively of and mesons in nnclear and strange hadronic medinm. We observe that 
for the constant valne of strangeness fraction, fs, and isospin asymmetric parameter, 77 , 
the valnes of mass drop increases as a fnnction of baryonic density. If we keep 77 and ps 
constant then the drop in the masses of B*~^ and B*^ mesons is observed to be more at 
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- ?;= 0 ; fs = 0 rj=0.5 ; fs = 0 

- 7]=Q ; fs = 0.3 ■ • ■ 7 j= 0.5 ; fs = 0.3 

• — 7p 0 ; fs = 0.5 77=0.5 ; fs = 0.5 


FIG. 7; (Color online) Fignre shows the variation of shift in decay constant of vector mesons B*~^ 
and B*^ as a function of squared Borel mass parameter, M^. We compare the results at isospin 
asymmetric parameters r] = 0 and 0.5. For each value of isospin asymmetry parameter, ij, the 
results are shown for strangeness fractions fs =0, 0.3 and 0.5. 

higher strangeness fractions of the medium. This behavior of vector and mesons as 
function of density and strangeness fraction of the medium is consistent with that of vector 
D*~^ and D*^ mesons. When we keep baryonic density and strangeness fraction, fg constant 
then as compared to symmetric matter the drop in the mass of B*~^ meson is less and that 
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Pb 

fs 

7= 

=0 

7= 

0.5 

O 

* 

cq 

B*+ 

B*o 

B*+ 



0 

-312 

-441 

-332 

-391 


Po 

0.3 

-379 

-539 

-417 

-460 



0.5 

-370 

-525 

-413 

-435 



0 

-473 

-675 

-493 

-587 

Stub* 


0.3 

-507 

-726 

-553 

-618 



0.5 

-499 

-715 

-558 

-594 



0 

-592 

-855 

-607 

-746 


4po 

0.3 

-615 

-889 

-663 

-766 



0.5 

-614 

-888 

-677 

-752 


TABLE II: Table shows the effect of baryonic density pB and isospin asymmetric parameter r/ on 
the shift in masses (in MeV) of B*^ and B*^ mesons for different values of strageness fraction fg. 

of B*^ meson is more in asymmetric matter. As can be observed from table flllll) . for the 
constant valne of strangeness fraction fg and isospin asymmetric parameter, rj, the drop 
in the values of decay constant increases with the increase of baryonic density of hadronic 
medium. Also the drop in the decay constants of B*~^ and B*^ mesons is observed to be 
more in strange medium as compared to nuclear medium. On the other hand when we keep 
baryonic density ps and strangeness fraction fg constant then decrease in the drop of decay 
shift of B*~^ mesons but an increase in drop of decay shift of B*^ is observed with increasing 
isospin asymmetric parameter p. 

In the present work we also studied the effect of strangeness fraction and isospin asym¬ 
metric parameter of hadronic medium on the mass shift and decay shift of strange charmed 
and bottom vector mesons D* and B* respectively. In hgures ([8]) and ([9]) we present the 
variations of mass shift and shift in decay constant respectively of D* and B* mesons. The 
charmed strange and bottom strange mesons have one strange, s, quark and one heavy quark. 
The properties of these mesons are calculated in the medium through the presence of strange 
quark condensate, (ss) in operator product expansion side of QCD sum rule equations flTTIl 
and (138|) . In symmetric medium i.e p = 0 and for baryon density, ps = Po, the values 
of mass shift of D*{B*) mesons are observed to be -48.4(-204),-69.7(-295) and -77.6(-326) 
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Pb 

fs 

7= 

=0 

p= 

0.5 

B*o 

B*+ 

B*o 

B*+ 



0 

-48.9 

-67.8 

-52.0 

-60.3 


Po 

0.3 

-59.0 

-81.9 

-64.7 

-70.4 



0.5 

-57.6 

-79.9 

-64.1 

-66.7 



0 

-72.9 

-101 

-75.8 

-88.7 


2po 

0.3 

-77.8 

-108 

-84.6 

-93.1 



0.5 

-76.7 

-106 

-85.3 

-89.6 



0 

-89.9 

-125 

-92 

-no 


4po 

0.3 

-93 

-130 

-99.8 

-113 



0.5 

-92.9 

-130 

-102 

-111 


TABLE III: Table shows the effect of baryonic density pB and isospin asymmetric parameter p on 
the shift in decay constants (in MeV) of B*^ and B*~^ mesons for different values of strangeness 
fraction fg. 

MeV at strangeness fractions, /* = 0, 0.3 and 0.5 respectively. For density, pb = 2po, the 
above values are found to be -68.3(-299), -93.9(-408) and -109(-470) MeV respectively. From 
above discussion we observe that the strange charmed and bottom vector meson undergo 
mass drop in the hadronic medium. Also the values of mass drop is observed to be more in 
strange hadronic medium as compared to non-strange medium. In asymmetric parameter, 
T] = 0.5 and for density, pb = Po, the values of mass shift of D*{B*) mesons are observed to 
be -47.4(-200), -73.3(-309) and -83.5(-350) MeV for the strangeness fractions fg = 0, 0.3 and 
0.5 respectively. As we move to more dense medium i.e. pb = 2po then above shift in masses 
are observed to be -65.7(-289), -100(-433) and -119(-511) MeV for strangeness fraction fg 
= 0,0.3 and 0.5 respectively. Thus we notice that the effect of increasing the density or 
strangeness fraction or isospin asymmetry of the medium is to decrease the masses of D* 
and B* mesons. 

In hgure (9) we have shown the effect of strangeness fraction and isospin asymmetric 
parameter on the decay constant of D*{B*) mesons. In symmetric medium, at nuclear 
saturation density, Pb = Po, the values of shift in decay constants of D*{B*) mesons are found 
to be -12.5(-29.7), -17.9(-42.4) and -19.9(-46.8) MeV at strangeness fractions fg = 0, 0.3 and 
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FIG. 8: (Color online) Figure shows the variation of mass shift of strange vector mesons D* and B* 
as a function of squared Borel mass parameter, We compare the results at isospin asymmetric 
parameters r] = 0 and 0.5. For each value of isospin asymmetry parameter, r], the results are shown 
for strangeness fractions fg =0, 0.3 and 0.5. 

0.5 respectively. This indicate that with increase in the strangeness fraction the values of 
decay constants decrease more from its vacuum value. It is also noticed that with increase 
in the baryonic density magnitude of shift in decay constant increases more e.g. at pB = 
2po the above values altered to -17.3(-43.0), -23.8(-58.0) and -27.7(-66.5) MeV. In nuclear 
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FIG. 9: (Color online) Figure shows the variation of shift in decay constant of strange vector 
mesons D* and B* as a function of squared Borel mass parameter, We compare the results 
at isospin asymmetric parameters r] = 0 and 0.5. For each value of isospin asymmetry parameter, 
r], the results are shown for strangeness fractions fs =0, 0.3 and 0.5. 

medium when we move from symmetric medium (?7=0) to asymmetric medium(77=0.5) we 
observed slight decrease in the magnitudes of decay shift of D* {B*) mesons. However, in 
strange hadronic medium (/s=0.5) when we move from symmetric to asymmetric medium, 
increase in the magnitudes of decay shift is observed. For example, at nuclear saturation 
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Pb 

fs 

7= 

=0 

7 = 

0.5 

D\ 

Dt 

n? 

Dt 



0 

88 

62 

78 

69 


Po 

0.3 

106 

74 

91 

82 



0.5 

103 

72 

85 

81 



0 

130 

91 

114 

95 

6mDi 

2po 

0.3 

139 

97 

119 

106 



0.5 

136 

96 

114 

106 



0 

158 

no 

139 

112 


4/30 

0.3 

163 

113 

142 

122 



0.5 

163 

113 

139 

124 


TABLE IV: Table shows values of mass shift (in MeV) of and Df axial vector mesons at different 
values of baryonic density and for different values of isospin asymmetry, rj, and strangeness fraction, 
fs, of hadronic medium. 

density, ps = Po the values of shift in decay constant of D* (B*) mesons are found to be 
-12.2(-29.1), -18.8(-44.4) and -21.5(-50.1) MeV at strangeness fractions, fg = 0, 0.3 and 0.5 
respectively. 

It may be noted that among the various condensates present in the QCD sum rule equa¬ 
tions flTTll and fl38l) . the scalar quark condensates, {qq) have largest contribution for the 
medium modification of D and B meson properties. For example, if all the condensates are 
set to zero except < qq > then shift in mass (decay constant) for D*~^ meson in symmetric 
nuclear medium {fs = 0 and rj = 0) is observed to be -69(-17.8) MeV for ps = Po and can 
be compared to the values -63.2 (-20) MeV evaluated in the presence of all condensates. 
Also the condensate < qhDoq > is not evaluated within chiral SU(3) model. However its 
contribution to the properties of D and B mesons is very small. Neglecting < qhDoq > 
only, the values of mass shift and decay shift in symmetric medium, at ps = po, are observed 
to be -62 and -15 MeV respectively. 

Figures ffTOj) and ffT^ show the modification of mass shift of axial vector Di {D^ and 
Df) and Bi {B^ and Bf ) mesons respectively and figures (fTTj) and (fT^ show the decay 
shift of these mesons as a function of squared Borel mass parameter i.e for different 
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=0 
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D\ 

Dt 

D^i 

Dt 



0 

29 

20 

29 

22 


ho 

0.3 

35 

24 

30 

27 



0.5 

34 

24 

28 

27 



0 

43 

30 

38 

31 


2po 

0.3 

46 

32 

40 

35 



0.5 

46 

32 

38 

35 



0 

53 

37 

47 

37 


4po 

0.3 

55 

36 

48 

40 



0.5 

55 

37 

47 

42 


TABLE V: Table shows the effect of baryonic density pB and isospin asymmetric parameter r/ on 
the shift in decay constants (in MeV) of and Df mesons for different values of strangeness 
fraction 

values of baryonic density ps , strangeness fraction and isospin asymmetric parameter 
i.e T]. In tables (IIV|l . (TVll . (IVTll . (IVIIll we have given some numerical data to discuss the 
modification of masses and decay constants of axial vector mesons. For a constant value 
of strangeness fraction, fg, and isospin asymmetric parameter, p, as a function of baryonic 
density a positive shift in masses and decay constants of axial vector Di {D^ and F)i^)and 
Bi and Bi ) mesons was observed. For given density and isospin asymmetry, the finite 
strangeness fraction of the medium also causes an increase in the masses and decay constants 
of above axial vector mesons. For the axial vector Di and Bi meson doublet, as a function 
of isospin asymmetry of the medium the values of mass shift and decay shift of {B^) 
meson decreases (increases) whereas that of Df {Bi) increases (decreases). As discussed 
earlier in case of vector mesons, the reason for opposite behavior of D and B mesons as a 
function of isospin asymmetry of medium is the presence of light u quark in and B^ 
mesons whereas the mesons and B^ have light d quark. 

Figure (IT^ and (1T5|1 shows the effect of strangeness fraction, isospin asymmetric param¬ 
eter and baryonic density on the mass shift and decay shift respectively of Dis and Bis 
mesons. In tables fIVIIip and (lIXp we tabulate some values of mass shift and decay shift for 
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Pb 

fs 
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=0 
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0.5 

B\ 


Bl 

Bt 



0 

216 

300 

229 

268 


Po 

0.3 

261 

362 

285 

313 



0.5 

255 

353 

282 

297 



0 

322 

445 

334 

393 

SruBi 

2po 

0.3 

344 

476 

372 

413 



0.5 

339 

470 

375 

398 



0 

401 

554 

409 

492 


4po 

0.3 

415 

574 

443 

505 



0.5 

415 

573 

452 

497 


TABLE VI: Table shows the effect of baryonic density pB and isospin asymmetric parameter r/ on 
the shift in masses(in MeV) of and Bf mesons for different values of strangeness fraction fg 



PB 

fs 

??= 

=0 

V= 

0.5 



Bl 




0 

53 

74 

56 

66 


Po 

0.3 

64 

90 

70 

77 



0.5 

63 

87 

70 

73 



0 

80 

117 

83 

98 


2/50 

0.3 

85 

119 

93 

103 



0.5 

84 

118 

93 

99 



0 

100 

140 

102 

124 


4po 

0.3 

104 

145 

111 

127 



0.5 

104 

145 

113 

125 


TABLE VII: Table shows the effect of baryonic density pB and isospin asymmetric parameter rj 
on the shift in decay constants (in MeV) of B^ and Bf mesons for different values of strangeness 
fraction fg. 
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FIG. 10; (Color online) Figure shows the variation of mass shift of axial-vector mesons Df and 
as a function of squared Borel mass parameter, M^. We compare the results at isospin asymmetric 
parameters rj = 0 and 0.5. For each value of isospin asymmetry parameter, rj, the results are shown 
for strangeness fractions fs =0, 0.3 and 0.5. 

these strange axial vector Dis and Bis mesons. At finite baryonic density of the medinm, 
an increase in strangeness fraction or isospin asymmetry of the medinm canses an increase 
in the positive mass shift and decay shift of Dis and Bis mesons. 

The mass shift and shift in decay constants of charmed and bottom vector and axial- 
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Pb 

fs 

ry= 

=0 
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0.5 

Dis 

Bis 

Dis 

Bis 



0 

44 

164 

43 

161 


Po 

0.3 

63 

233 

65 

244 



0.5 

69 

257 

74 

274 



0 

65 

238 

62 

230 

SniDis 

2po 

0.3 

86 

319 

91 

337 



0.5 

97 

363 

107 

391 



0 

81 

297 

78 

285 


4po 

0.3 

115 

422 

124 

456 



0.5 

140 

510 

151 

553 


TABLE VIII: Table shows the effect of baryonic density ps and isospin asymmetric parameter rj 
on the shift in masses (in MeV) of Bis and Dis mesons for different values of strangeness fraction 


fs. 



PB 

fs 

ry= 

=0 

p= 

0.5 

Dis 

Bis 

Dis 

Bis 



0 

14 

42 

13 

41 


Po 

0.3 

20 

60 

20 

63 



0.5 

22 

67 

23 

71 



0 

20 

62 

20 

60 


2po 

0.3 

27 

83 

29 

88 



0.5 

31 

95 

34 

103 



0 

26 

78 

25 

74 


4po 

0.3 

37 

111 

40 

121 



0.5 

45 

136 

48 

148 


TABLE IX: Table shows the effect of baryonic density pB and isospin asymmetric parameter r] on 
the shift in decay constants (in MeV) of Dis and Bis mesons for different values of strangeness 
fraction fs 
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- Ti= 0 ; fs = 0 ti=0.5 ; fs = 0 

-?;= 0 ; fs = 0.3 - - 7j=0.5 ; fs = 0.3 

• — r]= 0 ; fs = 0.5 7?=0.5 ; fs = 0.5 


FIG. 11: (Color online) Figure shows the variation of shift in decay constant of axial-vector mesons 
Df and as a function of squared Borel mass parameter, M^. We compare the results at isospin 
asymmetric parameters r] = 0 and 0.5. For each value of isospin asymmetry parameter, ij, the 
results are shown for strangeness fractions fs =0, 0.3 and 0.5. 


vector mesons 


matter only 


0 


rave been investigated in past using QCD sum rules in symmetric nuclear 


, l29| . The values of mass shift for vector mesons D* and B* in leading order 
(next to leading order) calculations were -70 (-102) and -340 (-687) MeV respectively. For 
the axial vector Di and Bi mesons the above values of mass shift changes to 66 (97) and 
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- ?p 0 ; fs = 0 ti=0.5 ; fs = 0 

-?p 0 ; fs = 0.3 - - 7 j= 0.5 ; fs = 0.3 

• — r]= 0 ; fs = 0.5 7p0.5 ; fs = 0.5 


FIG. 12: (Color online) Figure shows the variation of mass shift of axial-vector mesons and 
as a function of squared Borel mass parameter, M^. We compare the results at isospin asymmetric 
parameters r] = 0 and 0.5. For each value of isospin asymmetry parameter, rj, the results are shown 
for strangeness fractions fs =0, 0.3 and 0.5. 

260 (522) MeV respectively. The values of shift in decay constant for D* and B* mesons in 
leading order (next to leading order) are found to be -18(-26) and -55(-lll) MeV, whereas, 
for Di and Bi mesons these values changes to 21(31) and 67 (134) MeV respectively. We can 
compare the above values of mass shift (decay shift) to our results -63 (-20), -312 (-48.9), 
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- Ti= 0 ; fs = 0 ti=0.5 ; fs = 0 

-?;= 0 ; fs = 0.3 - - 7j=0.5 ; fs = 0.3 

• — r]= 0 ; fs = 0.5 7?=0.5 ; fs = 0.5 


FIG. 13: (Color online) Figure shows the variation of shift in decay constant of axial-vector mesons 
and Bi as a function of squared Borel mass parameter, M^. We compare the results at isospin 
asymmetric parameters r] = 0 and 0.5. For each value of isospin asymmetry parameter, ij, the 
results are shown for strangeness fractions fs =0, 0.3 and 0.5. 

62 (20) and 216 (53) MeV for D*, B*, Di and Bi mesons evalnated nsing = 7 

MeV in symmetric nnclear matter (r; = 0 and fs = 0). The observed negative valnes of 
mass shift for vector D* and B* mesons in nnclear and strange hadronic matter favor the 
decay of higher charmoninm and bottomoninm states to D*D* and B*B* pairs and hence 
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r-i= 0 ; fs = 0.5 


71=0.5 ; fs = 0 
??=0.5 ; fs = 0.3 
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FIG. 14: (Color online) Figure shows the variation of mass shift of strange axial-vector mesons Dig 
and Bis as a function of squared Borel mass parameter, M^. We compare the results at isospin 
asymmetric parameters rj = 0 and 0.5. For each value of isospin asymmetry parameter, ij, the 
results are shown for strangeness fractions fs =0, 0.3 and 0.5. 

may cause the quarkonium suppression. However the axial-vector meson undergo a positive 
mass shift in nuclear and strange hadronic medium and hence the possibility of decay of 
excited charmonium and bottomnium states to DiDi and BiBi pairs is suppressed. The 
observed effects of isospin asymmetry of the medium on the mass modihcations of D and 
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FIG. 15; (Color online) Figure shows the variation of shift in decay constant of strange axial-vector 
mesons Dig and Bu as a function of squared Borel mass parameter, M^. We compare the results 
at isospin asymmetric parameters rj = 0 and 0.5. For each value of isospin asymmetry parameter, 
r], the results are shown for strangeness fractions fs =0, 0.3 and 0.5. 


B mesons can be verified experimentally through the ratios ^ and ^ whereas 

the effects of strangeness of the matter can be seen through the ratios and 


S ’ Dis Bis ' 


The traces of observed medium modihcations of masses and decay constants can be seen 
experimentally in the strong decay width and leptonic decay width of heavy mesons 30|. 
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For example, in ref. |2l| the couplings gD*Dn and Qb^b-k were studied using the QCD sum 
rules and strong decay width of charged vector mesons for the strong decay, D*^ —)■ 
were evaluated using the formula. 


T{D* 




(43) 


where pion momentum, is. 


= 


\ 


(m|,* — m\, + mlY 


— mt 


(44) 


{2mD*y 

In equation (145]) coupling = 12.5 ± 1, tiid* and denote the masses of vector and 

pseudoscalar meson respectively. From equation fl45]) we observe that the values of decay 
width depend upon the masses of vector mesons, D* and pseudoscalar D mesons. Using 
vacuum values for the masses of D mesons the values of decay width, —;■ D^7r~^) are 


observed to be 32 ± 5 keV 


2l| |. However, as we discussed in our present work the charmed 


mesons get modihed in the hadronic medium and this must lead to the medium modihcation 
of decay width of these mesons. For example, if we consider the in-medium masses of vector 
mesons from our present work and for pseudoscalar mesons we use the in-medium masses 
from ref. H (in this reference the mass modihcations of pseudoscalar D mesons were 
calculated using the chiral SU(4) model in nuclear and strange hadronic medium), then in 
nuclear medium (/^ = 0), at baryon density, pb = Po, the values of decay width, F(Z1*+ 
—)■ Il°7r+), are observed to be 219 keV and 31 keV at asymmetry parameter p = 0 and 0.5 
respectively. In strange medium(/s = 0.5), the above values of decay width will change to 
84 and 25 keV at p = 0 and 0.5 respectively. We observe that the decay width of heavy 
mesons vary appreciably because of medium modihcation of heavy meson masses. In our 
future work we shall evaluate in detail the effects of medium modihcations of masses and 
decay constants of heavy charmed and bottom mesons on the above mentioned experimental 
observables. Also the ehects of hnite temperature of the strange hadronic medium on the 
properties of vector and axial-vector mesons will be evaluated. 

V. SUMMARY 


In short, we computed the mass shift and shift of decay constants of vector and axial 
vector charm and bottom mesons in asymmetric hadronic matter, consisting of nucleon and 
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hyperons, using phenomenological chiral model and QCD sum rules. For this, hrst the 
quark and gluon condensates were calculated using chiral hadronic model and then using 
these values of condensates as input in QCD sum rules in-medium properties of vector and 
axial-vector mesons were evaluated. We observed a negative (positive) shift in the masses 
and decay constants of vector (axial vector) mesons. The magnitude of shift increases with 
increase in the density of baryonic density of matter. The properties of mesons are seen 
to be sensitive for the isospin asymmetry as well as strangeness fraction of the medium. 
The isospin asymmetry of the medium causes the mass-splitting between isospin doublets, 
whereas, the the presence of hyperons in addition to nucleons lead to an increase in the 
magnitude of shift in the masses and decay constants of heavy mesons. The observed 
effects on the masses and decay constants of heavy vector and axial vector mesons may be 
reflected experimentally in the production ratio of open charm mesons as well as in their 
decay width. The negative mass shift of charmed vector mesons as observed in present 
calculations may cause the formation of bound states with the nuclei as well as the decay 
of excited charmonium states to D*D* pairs causing charmonium suppression. The present 
work on the in-medium mesons properties may be helpful in understanding the experimental 
observables of CBM and PANDA experiments of FAIR project at GSI Germany. 
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